

















研究成果の概要（和文）：PTL は wtp53 遺伝子を保有するヒト肺癌 A549 細胞において有意な
抗腫瘍増感効果を示した。そのメカニズムは転写因子 NF-κB 活性の阻害により細胞周期の
G1 arrest、apoptosis の誘導によるが NF-κB シグナル経路には p53-independent であった。 
 
研究成果の概要（英文）：It was cleared that PTL showed enhancement effects of the 
antitumor in human lung adenocarcinoma A549 cells with wtp53, which mechanisms were 
due to induction of apoptosis and G1 cell-cycle arrest by inhibition of NF-κB through 
p53-independent manner on the signaling. 
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ムを Flow Cytometry を用いてアポトーシス
誘導動態、細胞周期画分及び cell cycle arrest

































































(3) PTL, Hyperthermia の単独及び併用に

































































○ 40ºC alone 
● PTL,3h - 40ºC(V)
○ 42ºC alone 
● PTL,3h - 42ºC(V)
Heating periods in hour 
0      2      4      6      8 
○ 44ºC alone 
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Table I. T0 values of A549 cells in survivals from treatment with  
hyperthermia at 40ºC, 42ºC or 44ºC  and combination with PTL.
40ºC             27.14  h                  6.54  h                 4.15
42ºC (*1)        1.74  h                  0.70  h                  2.49
42ºC (*2)        2.96  h                  2.37  h                  1.25
44ºC             15.50  m               11.50  m                   1.35
Hyperthermia PTL, 3 hr - Enhancement
























図 Kinetics of apoptosis induction at 12, 24 and 48 h of 
incubation periods after 44ºC hyperthermia, PTL or the 
combined treatment. At indicated time, A549 cells stained 
with Höchst 33342 were observed under a fluorescent 
microscope. The cells of DNA fragmented nuclei with 
typical morphological features of apoptosis were counted as 
apoptotic cells. Ordinate: percentages of apoptosis in the 
total cells. Abscissa: 37ºC incubation periods in hours after 
treatment. Columns represent 44ºC hyperthermia for 15 
min, PTL (0.02 μM) for 3 h and the combined treatments 
in order from the left. Incidence of apoptosis following 
combined treatment with hyperthermia and PTL was 
induced additively to single treatment with those.  




thermia の単独及び併用における NF-κB 活
性阻害効果を Western blot 法により解析し
た。I-κB とヘテロに結合していた p-NF-κB 
(p-p65)は Hyperthermia 単独による処理の
直後は阻止されたが処理後 12 時間でその効
果は減弱した。NF-κB 活性は PTL の併用に
より完全に阻止された。 
 
(5) ヒト肺腺癌 A549 細胞は p53 遺伝子が


















図 Western blot analysis of cellular 
amounts of p53 (upper panel) and hsp72 
(lower panel) at graded periods of 
incubation intervals after treatment of 
A549 cells with PTL (0.02 μM) for 3 h in 
LD50, hyperthermia at 44ºC for 15 min in 
LD50 and a sequential combination of both. 
Numerals on horizontal line of the panel 
represent 37ºC incubation intervals in hour 
between those treatments and the blotting, 
respectively and the ‘C’ on the left of the 
panel represent the lane for p53 or hsp72 



















































































図 This illustration shows the expected 
antitumor mechanism of PTL and heating in 
A549 cells with wtp53. Intracellular NF-κB 
exist as heterozygosis with IκBα. When their 
serine-residue are phosphorylated, they become 
phospho- NF-κB and phospho- IκBα, 
respectively and are activated. PTL inhibit the 
phosphorylation of NF-κB. We studied whether 
p53 or hsp72 take part in the induction of 
apoptosis via NF-κB signal pathway when 
combination therapy of  PTL with heating is 
performed.  
Inhibition of NF-kB was diminished after 













Western blot analysis of NF-kB by PTL and hea
①
①
The activation of NF-kB was inhibited by 
combined treatment with PTL and heating.②
図 This figure shows the western blot 
analysis of the kinetics of NF-κB in A549 
cells treated with PTL, heating alone and 
these combination . The cells were 
stimulated by TNF-α after treatment, 
because intra- cellular NF-κB were inactive 
in state. The activation of NF-κB were 
inhibited right after treatment with heating 
alone as shown No.⑪, but not inhibited after 
12 hour- interval as shown No.⑫. But the 
combination treatment induced continuous 
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